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. C Comparison of CCS for tryptophan synthase dissociated -monomer from molecular dynamics and ion mobility experiments. Initially, the dissociated monomer charge state increases with the precursor ion charge state. As avidin charge state is increased further by the additional of supercharging m-NBA, avidin dissociates atypically, ejecting lower charged monomers and dimers. 
Supplemental Discussion
It is worth considering the number of intrasubunit salt bridges present in the complexes dissociating atypically. A high number of intrasubunit salt bridges might inhibit gas-phase unfolding, and therefore predispose the complex towards atypical dissociation. In fact, complexes dissociating typically had a greater number of intrasubunit salt bridges. Whilst the number of intersubunit salt bridges are poorly correlated with interface area, there is a reasonable correlation (R 2 = 0.8) between the number of intrasubunit salt bridges and subunit area. Therefore the higher number of intrasubunit salt bridges in typically dissociating complexes is presumably due to their larger size on average, than the atypical complexes. No significant difference in intrasubunit salt bridge density (i.e. normalised for subunit area) was observed between the two groups of protein complexes.
It is also interesting to consider the experimentally observed gas-phase pathways for typically dissociating complexes, and for concanavalin A (3D4K) which loses a compact monomer, rather than the dimer predicted by the in silico disassembly. In all these cases (with the exception of HSP 16.9, which has unusually high subunit flexibility), the number of interfacial salt bridges broken in the experimentally observed gas-phase pathways were less than or equal to that predicted from the in silico disassembly pathway ( Figure S8 ). This further supports the hypothesis that interfacial salt bridges are important for directing gasphase disassembly routes.
It should be noted that two important assumptions have been made when considering the number of interfacial salt bridges broken during disassembly. The first is that the solution and gas phase structures are sufficiently similar, and the second is that salt bridges have not been neutralised during electrospray (ESI). Retention of native-like salt bridges in the gas phase, however has been shown previously (Breuker, et al., 2011) , and it is likely that the interfacial salt bridges are protected from neutralisation during ESI, being buried in the interfaces and not exposed at surface. Figure S8 . Comparing the number of interfacial salt bridges broken during in silico disassembly, with the number broken during experimentally observed gas-phase disassembly (highlighted grey).
Complexes undergoing typical CID are shown, and concanavalin A (3D4K), which loses a compact monomer rather than the dimer predicted by the in silico disassembly.
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An intriguing observation is that smaller complexes, which are more susceptible to undergo atypical CID, have higher charge densities on average than larger complexes. This is anticipated from the relationship between solvent accessible surface area (SASA) and Z av as described previously (Kaltashov and Mohimen, 2005) , and highlights the importance of charge in promoting atypical dissociation ( Figure S9A,B) . Furthermore, smaller complexes tend to have a greater % increase in Z av when exposed to a given concentration of m-NBA (Table S1 , Figure S9C ) than larger complexes. This may be related to the fact that smaller complexes have a greater surface area to volume ratio. This has implications for the mechanism of supercharging. Whilst charge density can be considered to be a driving force behind atypical versus typical dissociation, it is the combination of accessible surface area and supercharging reagent concentration that determines the charge density. Based upon this, a higher concentration of supercharging reagent might be expected to induce atypical dissociation in some of the typically dissociating complexes, however high concentrations of supercharging reagent may also increase unfolding in solution ( Figure S9D ).
The ability to manipulate dissociation pathways in the gas phase by altering the charge state is an intriguing prospect. However, the potential for unfolding of the intact complex during electrospray, particularly in the presence of supercharging reagents, is one serious limitation that has already been proposed (Sterling, et al., 2011; Sterling, et al., 2012) . Evidence for this was observed for the higher charge states of tryptophan synthase ( Figure S4 ). Increasing the charge state without unfolding is therefore a major objective. One attractive option could be the use of cross-linking strategies to hinder unfolding, as used in early investigations into the origin of the asymmetric charge partitioning in CID (Jurchen and Williams, 2003) . Further development of alternative supercharging strategies that do not unfold complexes would also be of major significance. Despite evidence for unfolding of the intact complex, supercharging can also promote atypical dissociation of folded subunits, implying that these pathways are independent and not mutually exclusive (Zhou, et al., 2013) .
14 Figure S9 . Relationship between complex size, as described by SASA, and Z av (A) (all complexes in 
Molecular dynamics simulations
Simulations were run in double floating-point precision, with GROMACS (van der Spoel, et al., 2005) 4.5.3. Tetrameric tryptophan synthase (PDB 1WBJ) was simulated in a solvent-free system using the OPLS-AA/L forcefield (Kaminski, et al., 2001) . We based our simulation method on previously published procedure (Hall, et al., 2012b; Pagel, et al., 2013; Patriksson, et al., 2007) for simulating proteins in vacuo. A steepest descent energy minimisation was performed, followed by 1 ns simulations, with randomly generated initial velocities. Neither periodicity nor cut-offs were employed in the calculations. Energy conservation was achieved using a 1 fs integration step, and constraining bonds to hydrogen with the LINCS algorithm (Hess, et al., 1997) . Simulations of tryptophan synthase 24+ were carried out over a linear temperature gradient (300 -1000 K) in order to induce dissociation. Different charge configurations were assigned to the starting structure, such that one -monomer had 14, 11, or 7 charges, as determined by MS/MS experiments. The remaining charges were distributed evenly over the residual accessible basic residues (Hall, et al., 2012b) . These 'charge isomers' were used as different seeding structures for simulations, to evaluate the importance of the specific arrangement of charges. In order to identify the most populated conformations, an RMSD-clustering algorithm (Daura, et al., 1999) was used.
